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ABSTRACT : PROBLEM TO BE SOLVED: To provide a reforming method of methanol by which a 
reforming catalyst can be maintained in a highly active state and methanol can be 
reformed at a high efficiency for a long time. 

SOLUTION: A reformed gas containing hydrogen gas and carbonic acid gas is produced 
by the reforming reaction of methanol in the presence of a reforming catalyst. In this 
method, when the refomiing catalyst deteriorates to a preliminarily determined 
deterioration degree, air is supplied to the refomiing catalyst to regenerate. Then the 
reforming process is again carried out. These operation of reforming and regenerating are 
repeated to produce a reformed gas. 
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f] [SUBJECT OF THE INVENTION] 

Maintain modification catalyst in the highly 
L, MMf^i^W. '0 M^^X^y^ ^ active state, and provide modification method of 
y —/voy^'K^ff'^lo ^tii^X methanol which can perform modification of 
# 5 7^ ^ y — /^c7)5J:^;^)£^# methanol by high-efficiency over long period of 



time. 



[PROBLEM TO BE SOLVED] 

In method of manufacturing refomied gas which 
contains hydrogen gas and carbon dioxide by 
performing modification-reaction operation of 
methanol in the presence of modification 
catalyst, reproduction operation of supplying air 
to the above-mentioned modification catalyst 
when the above-mentioned modification 
catalyst reached the specified degree of setting 
degradation, and aiming at the reproduction is 
carried out, after that, the above-mentioned 
modification-reaction operation is carried out 
again, this modification-reaction operation and 
reproduction operation are repeated, and 
reformed gas is manufactured. 
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top vertical axis: quality improvement rate 

41-45: This invention 

49: (conventionally) 

first increment: Reproduction 

bottom vertical axis: Temperature 

horizontal axis: Time 

dotted line: Setting concentration 

[CLAIMS] 
[CLAIM 1] 

Modification method of methanol wherein, in 
method of manufacturing reformed gas which 
contains hydrogen gas and carbon dioxide by 
performing modification-reaction operation of 
methanol in the presence of modification 
catalyst, reproduction operation of supplying air 
to the above-mentioned modification catalyst 
when the above-mentioned modification 
catalyst reached the specified degree of setting 
degradation, and aiming at the reproduction is 
carried out, after that, the above-mentioned 
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y)MLX^M:ff:^^M^'t^^ modification-reaction operation is carried out 
t^W^.ti'^ :^ ^ y ^/^<D^ again, tfiis modification-reaction operation and 
M^^^o reproduction operation are repeated, and 

reformed gas is manufactured. 



mmmrMmm] 



[DETAILED DESCRIPTION OF THE 
INVENTION] 



[0 0 0 1 ] 



[0001] 



imVj^m [TECHNICAL FIELD] 

^^^Mit, 7K^;^^11?1il, Th\s invention relates to modification method of 

W^'fb'a^f^^^'fb, ^VMi# methanol for manufacturing hydrogen gas used 

ttXHffi^icfflv^fjH-STK^;^' for hydrogenation of hydrogen fuel cell and- 

:^^®i3e"t'5fcfecD;^ varlous organic compounds, or various 

<D^M^^, #t^^ti{-fflv^ S industrial etc., activation of modification catalyst 

, used in particular for it, and the reproduction 

i~5o method. 



[0 0 0 2] 



[0002] 



[PRIOR ART] 

Vai-ious research and development is done in 
order to use the methanol-reforming method to 
hydrogen fuel cell for automobile loading recent 
years in particular. 

The methanol-reforming method is method of 
manufacturing reformed gas which performs 
modification-reaction operation of making 
methanol and water reacting in the presence of 
modification catalyst according to gaseous 
phase, and consists of hydrogen gas and 
carbon dioxide. 
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nO) tr/i^^i- (A 1 2 O3 ) 
tights: 6 U^mitm^^ V ^ h 

Ui^n, ii^ 200-300 °C 



DERWENT 

And as the above-mentioned modification 
catalyst, mixed oxide which consists of copper 
oxide (CuO), zinc oxide (ZnO), and alumina 
(AI2O3) is used. 

Moreover, the above-mentioned 

modification-reaction operation is usually 
performed at 200 - 300 degrees C. 
Moreover, in the above-mentioned conventional 
modification method, since initial stage of the 
above-mentioned modification-reaction 
operation has the large activity of modification 
catalyst, it performs reaction by low temperature 
comparatively, and generally it raises reaction 
temperature with active decline. 



[0 0 0 4] 



[0004] 



[PROBLEM TO BE SOLVED] 

However, when such a temperature rise system 
is adopted, as it is made high temperature, it is 
easy to produce crushing of modification 
catalyst, therefore clog occurs in catalyst layer, 
and pressure loss in catalyst layer becomes 
bigger. 

Therefore, productive efficiency falls by this 
pressure loss. 

Moreover, major heating energy is needed with 
the above-mentioned temperature rise 
operation. 



[0 0 0 5] 

^Z.X, '^mt, i)^t^^^m% 

^mx^mm^^^Lx\.^ 



[0005] 

Then, conventionally, this productive efficiency, 
comprehensive thermal efficiency, and cost 
increase accompanying it are considered, and 
modification catalysts are exchanged in suitable 
phase. 
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^(Dfci^ia^, ^y^-^^h However, for this modification-catalyst 

(D-^\^^^UMM(D^^ ihLy ?f excliange, long period of time is needed for 

M, Rft-^ ^/^^cDif LV^g^K filling of new modification catalyst to extraction 

^^^(D^tM^l^'^Mf^^ii^^^t of old modification catalyst from reaction tank, 

-fSo S/ci, ^(Df^, ^"M^RJt- cleaning, and reaction tank etc. 

}^{^fi^< tT^cf;^^ , Moreover, modification-reaction operation 

S-Misl'S - i;5^'C#^cfV\ /i)^ cannot be performed at all and reformed gas 

^ / — cannot be manufactured in the meantime. 

/i/g^SS^S' Stt^t^^^ic b In this state, methanol-reforming apparatus is 

T, ^ti^''h^i^^hti^7K^:ff:^ carried in automobile, for example, and when 

^yi^^'BMMll&l^^^'t using hydrogen gas obtained from it for 

^WjM^^l^'k^ 1 hydrogen fuel cell, it is serious hindrance to 

fj: 5 o automobile use made. 

[0 0 0 6] [0006] 

t^t^6?SM^Mi^i'^f^i^\^, In order to solve this problem, in 

4#r?iBg6 2- 3 6 0 0 1 Unexamined-Japanese-Patent No. 62-36001, 

'Cltf^^^l^'B^^^:^^^. while catalysing fuel gas, reformed gas, and 

^ t ^^^tt^^'l*! 2 0 B^r^lid oxygen, it was made to coexist through 20 

t>fz^ Stt^m^i" hours intermittently, and method of recovering 

5:^?i^#^LTV^6o Lx/5^L, activity is proposed. 

^ <DM^\^\^y However, in this case, even if oxygen coexisted 

^;i^^#L'Ct>, ^Mb^rihfeS in modification reaction, degradation was not 

^ tfi'C t ^cC;0^o^Co c:ix{:io able to be stopped. 

V^Tfi, i^id!(7)||J|0'i|4 "C^-fo About this, it shows in below-mentioned 

Example 4. 

[0 0 0 7] [0007] 

^fco mm^A. - 2 0 0 6 4 0 Also. 

^^^g-Tfii, 2 In Unexamined-Japanese-Patent No. 4-200640, 

O^C-^B 5 0°C}c:t^^^^^ it proposes attaching modification catalyst in 

Si^ 5 ^/v%^T©#IS^t^f\f' atmosphere with a molecular oxygen 

1*5 ^ t LTV^5o S/c, concentration of 5 mol % or less at 120 degree 

9 - 7 5 7 3 4 -^^fg-e C-650 degree C. 

{4, (1) tK^^W Moreover, pretreatment according modification 

iSMz.X,^m^M, {2) catalyst to (1) hydrogen-containing-gas at 
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iiiii Mlj^l^WliWiiiiiiiii ""1 

OERWENT 

Unexamined-Japanese-Patent No. 9-75734, (2) 
carry out oxidation treatment by oxygen 
containing gas, and (3) regenerate by reducing 
gas are proposed 

However, in order to treat said 2 person, there is 
the need of having special gas feeder which 
specified oxygen concentration and hydrogen 
concentration. 



[0 0 0 8] 

±|E3o(75<2^$g{C7i^$tb 

06^, \^}lh}f<Dm^ \ 0~3 

ti-r h ^' 7 y fj: ^ wi-^-r 



[0008] 

IVIoreover, in almost all cases, in method shown 
by the three above-mentioned gazettes, 10 to 
30 hours is required for regeneration process in 
any Exampie for at least 1 0 minutes. 
IVIoreover, it is only measuring quality 
improvement rate by gas chromatograph etc., 
and these method does not have the degree 
detection means of degradation. 
Thus, since the above-mentioned method 
requires long time for special gas feeder and 
regeneration process and does not have the 
easy degree detection means of degradation, it 
is hard to maintain high quality improvement 
rate, and objects for transfer, such as object for 
automobiles, cannot use object for station easily 
from the first, either. 



[0 0 0 9] 

So 



[0009] 

This invention tends to maintain modification 
catalyst in tlie highly active state in view of this 
conventional problem, and tends to provide 
modification method of methanol which can 
perform modification of methanol by 
high-efficiency over long period of time. . 
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[0010] 



[MEANS TO SOLVE THE PROBLEM] 

In method of manufacturing reformed gas which 
contains hydrogen gas and carbon dioxide by 
performing modification-reaction operation of 
methanol in the presence of modification 
catalyst, reproduction operation of supplying air 
to the above-mentioned modification catalyst 
when the above-mentioned modification 
catalyst reached the specified degree of setting 
degradation, and aiming at the reproduction is 
carried out, after that, the above-mentioned 
modification-reaction operation is carried out 
again, this modification-reaction operation and 
reproduction operation are repeated, and this 
invention manufactures reformed gas. 
It is in modification method of methanol 
characterized by the above-mentioned. 



[0 0 1 1 ] 

^ 0J ( C V ^ -C ft a @ t 



[0011] 

Point which should be noted most in this 
invention is supplying air to modification 
catalyst, when modification catalyst's degrades 
to specified activity, aiming at the activation and 
reproduction, performing modification reaction 
again after that, and repeating this. 



[0 0 12] 



[0012] 

Next, it illustrates per effect of this invention. 
In this invention, when modification catalyst 
degrades in the above-mentioned 
modification-reaction operation and the activity 
reaches the specified degree of setting 
degradation so that it may explain in full detail 
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fi4^ih LT, ^WMMl^ below, modification-reaction operation is once 

>ttLT, stopped and reproduction operation which 

i^^^7^j:0o ^til^i.^y supplies air is performed to modification 

nmiinxf'^^tmmU&(D catalyst. 

^Sttt^S^^tLSo Accordingly,- modification catalyst is again 

regenerated by activity almost comparable as 
beginning. 

[0 0 13] [0013] 

fi^I/3S:KSf^S{^^tT Then, modification-reaction operation is 

^£5o -^LT, ^(D^URft^ performed again. 

{^q=it::Sl/±te^^^Mt:Sf-ii And when it reaches again in this 

Lyti^t^fi, ±,titW\^co^ modification-reaction operation at the 

^^i^^^i^lOo ^(Dfc^, ^ above-mentioned degree of setting 

MMMity ^t-f^^StS^K^ic^ degradation, reproduction operation similar to 

i^^ti, MMf^l^M^M^^-^' the above is performed. 

^ ^ y —J^(D^M^^f^£ 0 Therefore, modification catalyst is always 

/S^'C^So maintained by highly active state, and can 

perform modification of methanol by 
high-efficiency over long period of time. 

[0 0 14] [0014] 

^tcy ^M^^M^D^^TV, ^ Moreover, performing modification-reaction 

j: *9 ^ ^ y tykt operation of making methanol and water 

ft-^'^?)^WRJt-^i^^^J^<^ 0 reacting according to gaseous phase is 

ZtXii, ^ ^ J —J^hi^h^ performed in the presence of modification 

M ^ ^Si^; ^ 5 ^Wmi^m"^ catalyst, or 

^tT^'cC i^hKX.^ -MMil:^ }i in method of manufacturing reformed gas which 

^^i^T^^y y^\ti^Ml^^}i^^ contains hydrogen gas, carbon dioxide or 

Ht^ 'MM:^^ t hydrogen gas and carbon dioxide, and nitrogen 

K:^f gas by performing modification-reaction 

T, _htg3^M^4^:^^0f£(^lS:^ operation of making methanol, water, and air 

^Mtii^{-3t \^fz.W^z.\t, ±fB3^ reacting, reproduction operation of supplying air 

W^ijSt^^L-T^^^ftt^^p LT to the above-mentioned modification catalyst 

^<D^^^^^'^^^\^^fff^ when the above-mentioned modification 

v\ ^cDf^l?I>'±fB3fcKSi^;^j^ catalyst reached the specified degree of setting 
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{^^tjT'cCV^, -^^^^^^"X^Jt^ degradation, and aiming at the reproduction is 
i^tU^Ui^t^^^Ml^X^ performed, after that, the above-mentioned 
U:^^ ^Wi^i'^ ^ J — /vo modification-reaction operation is performed 
^%-)j\^1)^h^o i^^n^t^t) again, and modification method of methanol 
±15 h W^(09h^^%^ r i which repeats this modification-reaction 

operation and reproduction operation, and 

manufactures reformed gas is. 

Also in this case, effect similar to the above can 

be acquired. 

[0 0 15] [0015] 

±tS3S:W;^?i ^^T^cf 9 1^ Next, it illustrates about preferable aspect at the 
^ LV^^Iidot, tfeS^i" time of performing the above-mentioned 
5o ^T, modification method. 

tii-fS^^dfei^, ^MbiS^ffi^l^ First, in order to detect the above-mentioned 
^ 5 d i: i}^y^% LV\ r degree of setting degradation, it is preferable to 
ti/t^ictD, ^^^MbS^i®]^^ comprise the degree detection means of 
(^1tf±i1"^^<t^^-et5o degradation. 

Accordingly, the degree of setting degradation 
can be detected automatically. 

[0 0 16] [0016] 

±te^Mt:S1t tii^S h b Next, as the above-mentioned degree detection 

fii^, CO^i^, J means of degradation, temperature, CO 

^/i^^i^, zK^^iS, C02^ concentration, methanol concentration, 

i^, H2 OMS, ;^^^»icS<7)i/^ hydrogen concentration, CO2 concentration, 

-fti^/i^l SSi^^-b^^ttii"^^ H2O concentration, and means to detect any 

^fc. one or more kinds of gas flow rate are 

aS^^irLTti, M, com preferable. 

i^, / ^ y —/^M^. tK^^SS, Moreover, it is preferable to have means by 

C02liS, H2 O^iS, which temperature, CO concentration, methanol 

l©V^-f tt:^^ 1 Slli^±^^ffl concentration, hydrogen concentration, CO2 

i"5#S€:Jrii b, i^o^MM concentration, H2O concentration, and means 

M<^A ^ aMttiia M(Ditl^ X to detect any one or more kinds of gas flow rate 

^9 are comprised as degree detection means of 

;5^^f ^ L V \ degradation, and ratio by the side of entrance of 
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modification catalyst and outlet decides the 
degree of degradation. 



[0 0 17] 

Tk^M, CO2M, H2 



[0017] 

Furthermore, as degree detection means of 
degradation, means to detect any one or more 
kinds of temperature CO concentration, 
methanol concentration, hydrogen 
concentration, CO2 concentration, and H2O 
concentration gas flow rate are comprised, and 
let value which it detected be the degree of 
degradation, it is preferable to have means to 
decide season of reproduction operation based 
on proportionality estimation of period until it 
takes ratio of this degree of degradation and the 
degree of setting degradation and reaches the 
degree of setting degradation. 



[0 0 18] 

it., urn, COM. 

H2 ;y>^»f£Soi/^-f ti 

1 mm^±^^tii-r^^^^ 



[0018] 

Furthermore, it Is preferable to have means to 
decide reproduction season based on 
proportionality estimation of period until it 
comprises temperature, CO concentration, 
methanol concentration, hydrogen 
concentration, CO2 concentration, H2O 
concentration, and means to detect any one or 
more kinds of gas flow rate, as degree detection 
means of degradation. It compares entrance 
side of modification catalyst and ratio by the 
side of outlet with setting value and it reaches 
the degree of setting degradation. 



[0 0 19] [0019] 

m^, ±B^m^MtLX\t, Next, it is preferable to carry 

^M^/cf4:3 — i/ji^'l' h^ir modification-catalyst component which makes 

y X ^iS-W-t Li^, ffi^lp, metal or cordierite system ceramic carrier, and 
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T'yi/^n'^A, n i^cov^-f tL has any one or 2 or more mixed oxide of 
7!)^-'Ot.tilit—^U-t(OWi^M copper, zinc, aluminum, and chrome as a main 
it^^^f^'^tir^^'M.MMif^ component as the above-mentioned 
^ LtzhOVh^^L ti)'^ modification catalyst. 



10 0 2 0] 

om t tti aimum^Mit etc 

^Mt:;6^^ ffi p c o 
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Moreover, modification-catalyst substance 
which makes metal or cordierite system ceramic 
carrier, and has any one or 2 or more mixed 
oxide of copper, zinc, aluminum, and chrome as 
a main component as a modification catalyst is 
carried, and it is as degree detection means of 
degradation, it is preferable to measure 
modification-catalyst entrance side, outlet side 
temperature, and outlet CO concentration, and 
to take method of deciding reproduction season 
based on proportionality estimation of period 
which reaches the degree of setting 
degradation, as compared with entrance side 
and setting value of outlet CO concentration 
corresponding to temperature by the side of 
outlet. 

In this case, also when unreproducible 
degradation of sintering of catalyst arises, effect 
of maintaining outlet CO concentration at 
steady value is acquired. 



10 0 2 1 ] [0021] 

d^K, ^^B^fc^oV^T, ±IS2^C Next, in this invention, as catalyst component of 

the above-mentioned modification catalyst, for 
example, it consists of CuO, ZnO, and AI2O3, 
and those which carried mixed oxide, copper, 
chrome, and zinc, those oxides, etc. exist. 
Moreover, as structure of modification catalyst, 
there is individually catalyst made by form of 



X.\tCnOtZ nOi A 1 2 O 
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pellet or tablet by catalyst-component 
independent. 

Moreover, the above-mentioned modification 
catalyst has supported catalyst which made 
metal carrier v\/hich formed metals, such as 
stainless steel, in three-dimensional form of 
honeycomb etc. carry catalyst components, 
such as the above-mentioned mixed oxide, 
(refer to FIG. 4). 



[0 0 2 2] 

0. 3~1. 0/B#<ir/jN$V\ 



[0022] 

The above-mentioned individually catalyst and 
supported catalyst of this invention can be used 
in any case. 

Furthermore, since the latter supported catalyst 
has small calorific capacity, it is excellent in 
startability. 

Moreover, since contact area of reactive gas 
(gas of methanol + water) and modification 
catalyst can take greatly, productive efficiency is 
also excellent and weight per unit volume of 
catalyst layer is also lightweight. 
Moreover, in this case, methanol 
reference-standard liquid space velocity at the 
time of modification-reaction operation is as 
large as 2 to 7 /h, and its productivity is high. 
Furthermore, in the first individually catalyst, the 
above-mentioned space velocity is as small as 
about 0.3- 1.0 /h. 



[0 0 2 3] 

9c mm-^'i^mx mx.im 



[0023] 

Since catalyst activity fell in prolonged 
modification-reaction operation, the 
above-mentioned degree of setting degradation 
means the degree of catalyst activity which 
needed to perform the above-mentioned 
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reproduction operation. 

This degree of setting degradation, for example, 
it is considered as time of raising to existing 
fixed temperature'witli a temperature in catalyst 
layer of 180 - 320 degrees C. 
This is usually for making temperature higher 
0.1 - 140 degrees C than the 
modification-reaction operating temperature 
into the degree of setting degradation in order to 
perform modification-reaction operation in 1 80 - 
320 degrees C. 



[0 0 2 4] 

0 1 ~2%(D^H1(DV^-fi^;5^cDC 



[0024] 

Moreover, the above-mentioned degree of 
setting degradation can also be defined by 
measuring outlet CO concentration. 
In this case, for example, let time of reaching 
CO concentration in any one of between 0.01 to 
2% of CO concentration be the degree of 
setting degradation. 

Since it is poisoning substance of electrode 
catalyst of fuel cell made when utilizing the 
methanol-reforming method of this invention as 
a source of hydrogen of low-temperature-form 
fuel cell (solid-polymer-electrolyte type fuel cell 
and phosphoric acid fuel cell), it is necessary to 
restrain CO as low as possible. 



[0 0 2 5] 

-C e^t W;^" (D c o ^ 5 



[0025] 

As method of reducing CO in reformed gas as a 
post-processing of modification method of this 
invention, it is water gas shift reaction, 
moreover, CO is oxidized selectively or there is 
the method of canying out methanization. 
However, in order to reduce sufficiently CO 
concentration which makes reactor compact 
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'Bf^W.^\^Wi^i~?)COMl&^ and is supplied anyway to fuel cell, it is 

5E5>(-ffi:^1~5 fc^icii, necessary to reduce CO concentration as much 

B^f^^oV^T, "C^S/cttCOM as possible at the time of modification. 

^^i&^LXto< ii^^^t^^h^o Thus, it is appropriate to choose CO 

rOct 5 t-CO|ft^$r^:£^Mb concentration as a degree of setting 

l^t LXMiR't'S^ tliy degradation, when using this invention to fuel 

Mj^&^/^-r A^c^ cell system etc. 

[0 0 2 6] [0026] 

^/c, _htfi^^^Mt:S{i, Moreover, the above-mentioned degree of 

E^tMi^^^l^io^1^^^K^r BP setting degradation can also be defined by 

^ y — /vcDfpI%;0^7KS;</^^ measuring what % of quality improvement rate 

K^W^titc'^^^Wl'^ir^^ t at the time, of modification-reaction operation, 

J: oT^*S :i thX^ i.e., methanol, is modified by hydrogen gas. 

^(DMu-l^ity filx-ff, In this case, for example, let time of reaching 

8 0 --^ 9 9 . 9%(Df^(D\^^ir quality improvement rate in any one of between 

ti;0^cD3^M^t^it LfcB^.'^^lx 80 to 99.9% of quality improvement rates be the 

^^Mb>S t'f'^o degree of setting degradation. 

[0 0 2 7] [0027] 

±fS3fcK^fS, MMta P l^^ii The above-mentioned quality improvement rate 

5, 7K^li>S, C02liiS, y is detectable also by measuring any one of 

^y— /v^fti^, H2 OM&. hydrogen concentration in catalyst outlet, CO2 

:^MM(0\/^ii"ti:^^~-o^M'^ir concentration, methanol concentration, H2O 

^^tXh *C ^ 6 o Wh, concentration, and the gas flow rates. 

IS^fl'CfeSy — 7Vi:7K©#t That is, it can search for quality improvement 

^ofii: ?>:^^lS^2!)Sy^bTjoV^ rate in simple from anyone or 2 or more amount 

fczK^Mi^, C02iftl^, y ^ / of methanol which is known, amount of supply 

^/i^iSS, H2 OM^> of water, and hydrogen concentration measured 

4(7)1/ ^-fti:^>^—oS/c:fir:oi^ beforehand, CO2 concentration, methanol 

-hc7)St, concentration. H2O concentration and gas flow 

t t^^X rate, and relation of quality improvement rate. 

[0 0 2 8] [0028] 
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^^^fti^i^^<DU&^COM Since setup of temperature and CO 
iS, Xtiffi^=^ce3S:K^f-J: Six concentration during modification-reaction 

operation, or the degree of setting degradation 
Mi^(^V^-f Xiit::ff:^MM by simple quality improvement rate is 
t-ct »9^^^'C# fS^tt detectable with temperature, various 

KMtiX^^^^o ^X(D1S concentration, or gas flow rate, it excels in 

;^^5>^i!l'J^LT5J:W^^& responsiveness. 

MW^^^^^'MMS. On the one hand, when measuring all gas 
J: *9 Wf^'^it^ ^ix^t" 5 - components and searching for quality 
tifiX^^o improvement rate, the degree of setting 

degradation can be set up according to 

essential modification level. 

[0 0 2 9] [00291 

^(c, ±ta^^i#{t(cjott5^ Next, as for supply .of air in the 

%(DWi%\t, fii^^iit^iottS;^/ above-mentioned reproduction operation, it is 

^^PhIjSS^ 2 0 O'-'S 0 0/ preferable to make gas space velocity in 

0# -fS ^ 1 1^^^ LV\ jo, catalyst layer into 200 to 800 /h. 

:i(D'Mn[^Ml^\^y 2 5°Cc7)^^ Furthermore, this space velocity is value at the 

^ffi v^:^c#^cofitTfc5o 2 0 time of using 25-degree C air. 

0/H#7t^?iTfill^S{^f-g:ff^ When long time is required for reproduction 

TslS-gL, 8 0 0/B^^S;i5 operation if it is less than 200 /h, and 800 /h is 

lk\^^^^t<y ^%fM% exceeded, as shown in next, surface 

cO^SfiS;i^±#Lii^"C, 3^: temperature of modification catalyst rises too 

®l^4^5^®/5^iX>'^ y ^/^^^ (^^ much, and there is a risk that 

^) ^Jec: LT?gt^tb;^^MS:T modification-catalyst surface may cause 

L^XX^^O^^tii^h^o sintering (sintering) and active capability may 

(DW^mxiX Z,(DmMX^% decline. 

Wi^X^t^i^, 3 2 0°C^ffi;i?^ce In the below-mentioned Example, although air 

V^/£ bff^M^lffib, Ki^^^ supply was carried out in this range, if 320 

-P-^T t) cJ:v\ degrees C is not exceeded, the quantity of air 

may be loaded, and it may bring reaction 

forward. 

[0 0 3 0] [0030] 

gp-^, ±tES^j#{^0#f-fi, ^ That is, at the time of the above-mentioned 
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^(7)#t^^}- j:o"C, reproduction operation, temperature of 

U^t^^±.^i'^o ^ tLfi, modification catalyst rises by supply of air. 

Rft-^i^^l^^W:^^ ^ (Oii^MU Catalyst component once reduced by hydrogen 

ctoT— .ac u^iColjc^ gas of reformed gas in modification-reaction 

tLTV^fctt^X^^;i'^±tS^M^f operation at Cu etc. reacts with oxygen in the 

t KJ^- LT^^b^t^H^ above-mentioned air, oxide is regenerated, and 

^tiy ^(Dfi^O^ft-^A^^^X this is considered for raising with reaction heat 

^^'T^fzi^t^x.hti^o at that time. 

[0 0 3 1] [0031] 

-^^•e, ::(D^MMi^(DU&± Then, temperature rise of this modification 

#Sr1t^l-, ^^^i^^^l^ioiii catalyst is detected and supply of air, i.e., 

reproduction operation, is stopped by place 

tc t :i^X'^U(DiM^, SP^S^ where temperature of catalyst layer at the. time 

^^i^^^jt^^o l.tiM&^D of reproduction operation reached steady value. 

±mt, 4 5 O°C;i^0^ L< , 450 degrees C is preferable and, more 

^\z.tiJ^L< ii 3 2 0 "C'Cfo preferably, upper limit of the above-mentioned 

So temperature is 320 degrees C. 

t , ik'XMi^(^^^^^^^yy^ y Rather than this, when made high temperature, 

S-ja n L, M^^tttb/S^^Mli surface of modification catalyst causes sintering 

1"5io^ti;0^fc5o and there is a risk that catalyst property may 

degrade. 

[0 0 3 2] [0032] 

±B^±^i^i^\z.^n^^^(D As for supply of air at the time of the 

Wi^li, ^V:Rft-^i^^^±l^ above-mentioned reproduction operation, it is 

Ef^ {z^jfj: 0 ^ t L preferable to carry out immediately after 

V\ :itilzX^, S^^f^^fff stopping modification-reaction operation. 

(18 0~3 2 0°C) (cijo Accordingly, reproduction operation can be 

V^T, ^^^t'S^ ir/S^'Ct, S started under high temperature (180 - 320 

^i^i^^^Jj^^i^^yts: 0 :i tt^^ degrees C), and reproduction operation can be 

T^#5o ^fc. n^^i'^it. ^ performed efficiently. 

MRJt-^i^^^itWi, ^[Jx.fi*^^ Moreover, reproduction operation can also be 

(N2 ) :^';^^#tlB LT^j^ii performed by supplying air after 

^(DRft-:^^^y modification-reaction operation stop (for 

v^LTtt^, ^^?r#t|p-f"S - t example, after supplying nitrogen (N2) gas and 
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purging reactive gas in catalyst layer, and 
reformed gas). 

In this case, tiie effect of softening generation of 
heat by oxidation of reformed gas or methanol 
which remained to catalyst layer is obtained. 
Moreover, in order to perform reproduction 
operation efficiently, more preferably, range of 
temperature of catalyst layer being 100 - 450 
degrees C at the time of start of air supply is 
180 - 300 degrees C preferably. 



[0 0 3 3] 

J ^ g if) 



[0033] 

Although above described reproduction 
operation at the time of modification catalyst 
reaching the specified degree of setting 
degradation, when using methanol-reforming 
gas of this invention to improver for automobile 
loading, the above-mentioned reproduction 
operation can also be performed short time at 
the time of the completion of night etc. and 
automobile operation. 

Accordingly, modification-reaction operation by 
modification catalyst of high active state can 
always be performed in the next morning. 
Moreover, it can be made to be able to 
regenerate in a short time at the times of 
system stop, such as the time of oil supply, and 
modification-reaction operation by modification 
catalyst of highly active state can also be 
performed next time at the time of start-up. 



[0 0 3 4] 



[0034] 



[wmmmmm] [embodiment of the invention] 

WmUn 1 Embodiment 1 

:^W^<D'MMM'BS\\^t^i^''^ :^ It illustrates using FIGS. 1-3 per modification 
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^ / — /U(D3feK:^ffe(^o# [D 1 method of methanol concerning Embodiment of 

--m3^^\^^xmMi'^o this invention. 

(7)^ ^ y — El Modification method of methanol of this 

2, HI 3 tci^i"^'^ < , ikWM example is method of manufacturing reformed 

^1 1 1 (D^^ST'C, M^t- ct ^9 gas which consists of hydrogen gas and carbon 

/ ^ / hi^h ^ -S" 5 dioxide, by performing modification-reaction 

3S:KSii&J^i^^tT^ce 9 - <!r tcict operation of making methanol and water 

^i^MH^h^W.l^^ht'^hfi. reacting according to gaseous phase, in the 

h'ik^.l^ ^^W'M.^^1fS\^Xh presence of modification catalyst 11 as shown 

5o in FIG. 2, FIG. 3. 

[0 0 3 5] [0035] 

■^LT, ±fB3^cRSJS^f^^'t^ And when the above-mentioned modification 

}LWik%fkWk\ \ iM\'^(OW^ catalyst 11 reaches in the above-mentioned 

^Mki^, ^J;i{^^:£fi^(^iiL modification-reaction operation at the specified 

tzM (1212) ±te3feWfi4 degree of setting degradation, for example, 

^II 1 (c^LT^M^^t^p LT fixed temperature, (FIG. 2), reproduction 

^<D^^'kWi^^^W\^'kV^fi: operation of supplying air to the 

i/\ -^c7)t^Sl^iit53^WS^£^^ above-mentioned modification catalyst 11, and 

f^^-tf ^£V\ i)'^i)^^'ikWyL^^%: aiming at the reproduction is performed, after 

h (t^^DMLTBfe that, the above-mentioned modification-reaction 

M:^/;^^Mia1'So operation is performed again, this 

modification-reaction operation and 
reproduction operation are repeated, and 
reformed gas is manufactured. 

[0 0 3 6] [0036] 

WT, -hte5feR;^fi(-o#, p Hereafter, it illustrates in detail about the 

WiXzMM't^o ^T, 1213(4, above-mentioned modification method. 

±tE5fe^:^?:fe{-fflV^5^ ^ y — First, FIG. 3 is approximate account figure of 

)\'^W^W<^M.%W^^^X^h methanol-reforming apparatus used for the 

5o ^S^fi, ^WkWk \ 1^ above-mentioned modification method. 

b/cSi^;^^ 1 (t, %%lyL This apparatus has reaction tank 1 filled with 

^ W'Ci^l^'f 2 2 , modification catalyst 11, solution tank 21 

|§ 2 3 , i^^^^^V y 2 4 ^^^^ L connected to this reaction tank 1 through pump 

XW^\^fcW0^^ ^ 2 1 22, carburetor 23, and raw-material pipe 24, 
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and blower 31 connected to . the 
above-mentioned reaction tank 1 througli air 
pipe 32. 

IVIoreover, in downstream side of reaction tank 
1, it has reformed-gas pipe 12 and purge pipe 
16 which send out reformed gas. 
Reaction tank 1 carries out heater heating of the 
outer wall, and carries out heat supply at 
modification catalyst 11. 



[0 0 3 7] 

MAP{|iJM-fe>'1^3 5, 
MaiPMS-fe>^f-3 6, X 

fiir y 3 7 m P W^iSir 
Xf4;^/';^»fL4ir >^f- 3 8 ^Wl" 

So 



[0037] 

Moreover, various concentration, such as 
temperature or CO concentration in the 
above-mentioned reaction tank 1, or gas flow 
rate is detected, and it has controller 3 which 
carries out operation control of the 
above-mentioned pipe 22 or blower 31. 
Moreover, this controller has catalyst layer 
entrance-side temperature sensor 35 arranged 
in reaction tank 1, catalyst layer outlet side 
thermo sensor 36, entrance-side concentration 
sensor, gas-flow-rate sensor 37 outlet side 
concentration sensor, or gas-flow-rate sensor 
38. 



[0 0 3 8] 

Sir, ^-TRfiL^^y^ 1 \atm 

V^ii^(Dm^W.2 0 ^7Ky:/2 2 

i^m^^mi^^^ 0 o°c}cM 



[0038] 

If it illustrates per by the above-mentioned 
improver when performing the 
above-mentioned modification method, 
methanol in solution tank 21 and liquid mixture 
20 of water will be first supplied to reaction tank 
1 with pump 22 at modification catalyst 11 in 
reaction tank 1 . 

At this time, the above-mentioned liquid mixture 
is vaporized by carburetor 23 heated at about 
300 degrees C, and intromission is carried out 
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in the state of gas from raw-material pipe 24. 
Outer wall of reaction tank 1 is heated by about 
290 degrees C. 

And modification-reaction operation is 
performed in catalyst layer mean temperature of 
about 280 degrees C, and reformed gas which 
consists of hydrogen gas (H2) and carbon 
dioxide (CO2) is sent out from reformed-gas 
pipe 12. 



[0 0 3 9] 

^i^rv^5F«^^;l, w«i 1 

Si^^ 1 n<D^mm. 1 1 

lS^^MbS"efe5^J;t«2 8 

5 °C(:i_h# L/C ^ h ^fiitir V 

5, 3 ^i^'^^^y^^^h, 
hn — y 3{i^>^y2 2^ 

j^:;^^^:^ 1 cDt-^M^ff± 

L, ±te^l^r«2 OcD#t|^^# 

>'hn — y 3{4y'n7— 3 1 ^ 
^M/^^7^3 2^ 

6 j:t9#tBi-5o 



[0039] 

Thus, while modification-reaction operation is 
performed, modification catalyst 11 degrades 
gradually. 

Then, if thermo sensors 35 and 36 catch thing 
whose temperature of modification catalyst 11 
in reaction tank 1 , for example, mean 
temperature of entrance-side temperature and 
outlet side temperature, is the specified degree 
of setting degradation and which was raised, for 
example at 285 degrees C, controller 3 will 
suspend pump 22. 

Moreover, heater heating of reaction tank 1 is 
suspended with this, and supply of the 
above-mentioned liquid mixture 20 is stopped. 
Accordingly, modification-reaction operation is 
stopped. 

Subsequently, controller 3 operates blower 31, 
sends air in reaction tank 1 through air pipe 32, 
and performs reproduction operation. 
Gas at the time of reproduction operation is 
discharged from purge pipe 16. 



[0 0 4 0] [0040] 

±f203^®Si^^i^i^^t/S^^^ Profile of temperature change in reaction tank 1 
{'^B#{;i:}o(t5, RJt-^y^l\H at the time of the above-mentioned 
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(DU^^ity ^WRJ^-^i^^^<^ modification-reaction operation and 

1 ^ reproduction operation and 

tc^(D^'^U^M^^M^^ 2 quality-improvement-rate cliange at tlie time of 

Tj^fo fS^mt^^t"^'^ < , ^^f^ modification-reaction operation is shown in FIG. 

^^(^6^S^;6^^^(3:fgTL, 1, and the expanded-time-base-sweep 

3S:RSiJ^®^fiS;6^/J^ ^ < explanatory drawing is shown in FIG. 2. 

^ , t,fcZti\^i^<:>XRJt-^ > As shown in both figures, quality improvement 

^ ^(DMi^^W^^h"^-^ rate falls gradually with time, and heat energy 

■fSo ^LT, ^4jffiJi?fi>S;5^^ absorbed of modification reaction becomes 

"^'^it^ t LX^'^LfcUS, smaller, and catalyst layer temperature in 

(±12 2 8 5 1:) ^X±^Ltc reaction tank also rises gradually in connection 

t ^i^it±mn±m^^n^j: with this. 

Oo -^-bX, ^(D^i^UXI^K^ And when catalyst layer temperature rises to 

ft^i^^^i^l 0 o ^tiK J: "9 , temperature (the above-mentioned 285 degrees 

m 1 - < , C) set up as a degree of setting degradation, 

^ 4 1 4 5 (;i7j^i" ^ ir < fS the above-mentioned reproduction operation is 

T, {&y<Di/^^^^''^m performed. 

^Wk ^ :i tit^#o T, fk And after that, modification-reaction operation is 

^%M<DU& h ft ^ 4 10-^45 performed again. 

Otc^i-r: i:<, v^^if^t^cS Accordingly, as shown in FIG. 1, quality 

^W^^M'to improvement rate repeats zigzag state of 

decline, raise, and decline as shown in curve 

41-45. 

In connection with this, temperature of catalyst 
layer also repeats zigzag state as shown in 
curve 410-450. 

[0 0 4 1] [0041] 

^y^i, Ill2{i, ^^j^f^B#(^jo Moreover, FIG. 2 shows temperature state of 

tt§MjSiic7:>fii^^ffi^^bT catalyst layer at the time of reproduction 

v^2»o RElt-Tj^-f r^i: < , operation. 

Si^^j^^^B^t^fiSfi^^ (^±# When temperature rises gradually at the time of 

L, lS:^^MbS"Cfe5l3:^£i^ modification-reaction operation and fixed 

{ciiiL;^::^: temperature which is the degree of setting 

< , 'i^-^tU 2 0 (DWi^^W^ b degradation is reached as shown in this figure, 

^Jt-^ \ <D'c 1)^%,^^ as mentioned above, supply of liquid mixture 20 
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ih LT, U^fM^U&^ Ir^S is stopped, heater of reaction tank 1 stops heat, 

^it, ^M^#t|pi"5o ^(Dfz temperature-fall is carried out to reproduction 

ft, ±ti(D r:^ i: < Mit^ftl^ J: start temperature, and air is supplied. 

•9 , MMM(DU^I(i±,^ir^o Therefore, temperature of catalyst layer rises by 

^ r. "C, MMM(D& oxidation reaction as mentioned above. 

&^±^R(D 3 2 O'^Cii^Tt^^ So, reproduction operation is performed in this 

h n— /i/L^ce;6^ t^S^j^f^^tf example, controlling temperature of catalyst 

5o -^LT, S^^f^cD^Tf^ layer to 320 degrees Cor less of upper limit. 

ic^X^^MRJt-^i^-^^lt^ 0 o And modification-reaction operation is again 

±fSc7) J: 9 LT, gJcKRi^:^^ performed after the completion of reproduction 

ft n^mi'^^m ^ S1-o operation. 

Modification-reaction operation and 
reproduction operation are repeated as 
mentioned above. 

[0 0 4 2] [0042] 

f£to, El 1 izii, ±faS^^{^ Furthermore, in FIG. 1, decline state of quality 

^^i'ti:t>fj:i''otcMn'l^ioii^ improvement rate at the time of not performing 

g$^:^^(7)fg;T^^^>'^^^fl^4 the above-mentioned reproduction operation 

d'CTT^l.tCo ^tc, ±&Ut, ^ was shown with dotted-line curve 49. 

WMMt LT, y-^^^^ti Ms'^/ Moreover, lessons was taken for upper example 

/viS^};iC uO-Z nO-A 1 from modification catalyst (refer to FIG. 4 of 

2 O3 t>^c^ Embodiment 2) which carried catalyst 

LfcikMMM (MM^^WM2<D component which is honeycomb metal carrier 

M4^M) t^o^^LTto made from CuO-ZnO-AbOa as a modification 

catalyst, and it was shown. 

[0 0 4 3] [0043] 

ilSct *9 ^ bttS ^'ir < , According to modification method of this 

^^(D^^:)^i[i:\z.^tit(^, invention, modification catalyst can be 

ffi^ffifSl^^^t-lli^b, iftt^ maintained in the highly active state, and 

^'V?^ 1^ / -'/i'(D^M^^j^£ 0 modification of methanol can be performed by 

^.tt^X^^^o high-efficiency so that it may be known from the 

above. 

[0 0 4 4] [0044] 
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Embodiment 2 

This example, as shown in FIG. 4, FIG. 5, it 
illustrates per which performed manufacture of 
reformed gas using improver shown in 
Embodiment 1 example. 
First, as shown in FIG. 4, modification catalyst 
11 carried catalyst component 10 to metal 
carrier 5. 

Metal carrier 5 arranges corrugated sheet 52 
among many flat plates 51, respectively is what 
joined between both and presents honeycomb 
construction of 600 cell / square inch. 



[0 0 4 5] 

nmf^'Ai o(4_hts¥«5 1, 
M5 2(Dmm^mm^nrc'^ 

TO5 1, MS 2n:^'r>i^ 

Mit 1 1 2 g/3 y h/v-efc 
2)o ^4M5>f*, mA 2S»% 

CuO-^4 7Sfi%ZnO- 
m 1 lfi*%A \2 0zt^hfl 

^/ic7)^J$)fiit2 0 0°C, iSTs 
^PbMS 2 0 0 0 /B#-e, 4 



[0045] 

Catalyst component 10 is in the state where 
surface of the above-mentioned flat plate 51 
and corrugated sheet 52 was attached. 
Flat plate 51 of the above-mentioned metal 
carrier 5 and corrugated sheet 52 have used 
stainless steel plate. 

Burden of catalyst component 10 with respect to 
metal carrier is 172 g/l. 

Catalyst component consists of AI2O3 about 
42-weight% CuO-about 47-weight% ZnO-about 
11weight%. 

In modification-reaction operation, reducing gas 
performed reduction treatment first at mean 
temperature of 200 degrees C of catalyst layer, 
and 2000 /h of gas space velocities for 4 hours. 
After that, modification-reaction operation was 
performed. 



[0 0 4 6] [0046] 

a^:ffS^Sj^{^(-*5i/^T{i. :^ 9 In modification-reaction operation, liquid mixture 
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y —/v 4 7£S%i:7K5 3S which consists of 47 weight% of methanol and 

4%ct *9 ^cCS ^l^r-i^^. ^it^ 53 weight% of water was vaporized with 

l^T^it^^it, ^ti^ 2 6 0--- carburetor, and this was supplied by methanol 

2 9 0°C(7)«artt-, space-velocity (LHSV-M) =2h"'' in 260 - 

--/i^^r^liiS ( L H S V - M) 290-degree C catalyst layer. 

= 2 h''^ 'C^^iLtCo ^URJt- Composition of reformed gas obtained by 

i^i^lz^^^i^htitc^M:^^^^^ modification-reaction operation was measured 

^Kf^it, i^T.^ n-^ Y^^yyK by gas chromatograph. 

j:*9S'J^Lfco %fz., ±tE3S:K Moreover, in the above-mentioned 

Si^^j^f^{-^oV^T{4, W^^Wl modification-reaction operation, catalyst layer 

i^^LT, fkWkMXV\\%M&2 entrance-side temperature of 270 degrees C 

7 0 °C^^^ LfCo was set up as a degree of setting degradation. 

[0 0 4 7] [0047] 

-?:LT, }l And when catalyst layer entrance-side 

^W^^WUSr^:^^ 2 7 0 °C}^ temperature rose at 270 degrees C which is the 

J:^L.;^-H#.^.-C, ^^'iyUi^^Wi^ above-mentioned degree of setting 

^1=i±L, tt^tciS^J^i^^tT degradation, modification-reaction operation 

^cfo/Co S^^f^t4/^2 5°C(75 was stopped and reproduction operation was 

0 . 2-^0. 4 V y h^^ performed immediately. 

Wh^?^^M&4 0 0^8 Reproduction operation was performed for 10 

0 O/H^^e, MBM\^l^Wi^ir minutes by being 400 to 800 /h in 0.2 to 0.4 

5::ir(-J:'9, 1 O^rNltTT'^o liter/min, i.e., space velocity, and supplying 

tco t.ti, ±fSS^^{t0^t-f4, about 25-degree C air in catalyst layer. 

3 2 O^C^Mx. Moreover, at the time of the above-mentioned 

?^^#t|pS^I^S reproduction operation, air amount of supply 

LtCo taio, ^^iz-fj^t^^fi^f^ was adjusted so that temperature of catalyst 

iiU&^it^^^ 5 ^j^JiiF^'efco layer might not exceed 320 degrees C. 

tco ±t2ll^^f^^Tf^(4, ^ Furthermore, time concerning reproduction was 

t/±te t IrI Z^^W^Jt-^i^^^J less than 5 minutes from temperature change. 

?'cCV\ ^(D^^^W(DW^^i^t After the above-mentioned reproduction 

^KRft-^ff^^ ^ M LtT^cC o operation completion performed the again same 

tCa modification-reaction operation as the above, 

repeated reproduction operation similar after 
that and modification-reaction operation, and 
performed them. 
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[0 0 4 8] 

8 0-41 omm(DWi(Dnmm 
i^tc, mm<D±mat, n^m 



[0048] 

FIG. 5 shows catalyst layer temperature and 
quality improvement rate of 380 to 410 liours 
after the catalyst layer beginning of using at the 
time of repeating the above-mentioned 
modification-reaction operation and 
reproduction operation, and performing them. 
Moreover, to upper part of this figure, time 
which performed reproduction operation is 
shown by arrow head. 

Moreover, CO concentration in reformed gas at 
the time of each air supply and catalyst layer 
entrance-side temperature seemed to be Table 
1. 



[0 0 4 9] 
[^1] 



[0049] 
[TABLE 1] 



mi) 



mm) 


CO Sir (%) 












3 8 5 


0 . 4 9 4 


0.477 


2 7 0 


2 6 9 


3 9 3 


0.499 


0.501 


2 7 1 


2 7 0 


4 0 1 


0. 5 3 5 


0. 5 1 3 


2 7 0 


2 7 0 



Table 1 

At the time of reproduction (time) 
CO concentration (%) 
(Before reproduction, after reproduction), 
Entrance-side concentration (degree C) 
(Before reproduction, after reproduction) 
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l^m&t/^ 1 X^^hti?)::^ t As known in this figure and Table 1 , it finds that 

< , ^MRJt^W(Df^, MffiS temperature of catalyst layer is maintained by 

(7)M(i7f^2 5 0~3 1 0°Ctc about 250 - 310 degrees C during 

"^W'^ti, ^;fe5i:W^{49 5 ~ modification-reaction operation, and quality 
1 0 0%^^W LTV^?) :i 1 improvement rate maintains 95 to 100%. 

t>-A>^o t.tc, ^S^i^f^^fi IVIoreover, it finds after each reproduction 

^^^■i^\a]±.ir ^ :i t -A^t>f)^ operation that quality improvement rate 

So improves. 

[0 0 5 1] [00511 

MMBMM 3 Embodiment 3 

H 6 {d^-frT t< , H As shown in FIG. 6, as a reproduction operation, 

^^i^t LT, ■^-f (N this example is 1 liter/min (N2) of nitrogen gas 

2 ) I ]) y h/^/^-^^ 1 0^> first, it performs purge of catalyst layer for 10 

f^, MMM(Dy<—z:^^^ifj:\^^, minutes, after that, supplies air to catalyst layer 

^(D^i^^%^ 0 . 2~0. 4 y for 0.2 to 0.4 liter/min, and 10 minutes, and 

y hJ^/'^, 1 O-^yf^, shows example which moreover performed 

l^Wi^i^, 2^f^W^ modification-reaction operation again about 12 

m^'XRJtm'f ^n^J: o tcm hours after. 

[0 0 5 2] [0052] 

^fc, W\M<D±W^lit, ±IBS Moreover, to upper part of this figure, time 

^^i^^^i-^Ji-ofzi^f^^^Pii-V which performed the above-mentioned 

Tj^LfCo ^co^-nt^fi, reproduction operation was shown by arrow 

it&tLXmaCOm&O. 5 head. 

3 % ^Wi^ L-CV^5„ tlJPCO In this case, 0.53% of outlet CO concentration is 

iiS^^ 0 . 5 3 % ^Mx.^ t ± adopted as a degree of setting degradation. 

lES^^I^^Hi^L'/Co t.tc, When outlet CO concentration exceeded 

^^%Wi$^l^iol1- ^ 0.53%, the above-mentioned reproduction 

^(DCOM&, MM^AoW^ operation was implemented. 

^It, ^2(DXo X'h-ofc^ IVIoreover, CO concentration in reformed gas at 

the time of each air supply and catalyst layer 
entrance-side temperature seemed to be Table 
2. 
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[TABLE 2] 















;:/V,^-v..epBS 


mi:. ! 












5 3 1 


-■, 0 .^ 5.3 8 ' ^ 


0. 5 2 2 


2 74 


;2,7 ^5 "1 


54 0 


0. 5 33 


0/520 


27 4 


.■J 2i7 4' 


6 4 9 


0.532 


6 5 1 1 


2 74 


-;-2j 5 ■ 



Table 2 

At the time of reproduction (time) 
CO concentration (%) 
(Before reproduction, after reproduction), 
Entrance-side concentration (degree C) 
(Before reproduction, after reproduction) 



[0 0 5 4] [0054] 

2 cfc *9 ^ hti^ ::^t As known in this figure and Table 2, even if it 

< , l?^S{^(iN2 performs reproduction operation after purge by 

i/(7)f^}ctT^cev\ ^fz^M N2 gas and performs modification-reaction 

1 operation about 12 hours after reproduction 

f^^kl^^i^l^X'h, M^^^M^ operation, it finds that high quality improvement 

"C^ ?)Zt i^^t>t^ rate is maintainable for a long time. 

So ^tcy #fi^^JS{^^{c:t±, Moreover, after each reproduction operation, it 

finds that quality improvement rate improves. 

So 

[0 0 5 5] [0055] 

^c^io, ±te©N2 ^P^iiN2 t C Furthermore, mixed gas with N2, CO2, or H2O is 

O2 XfiH2 O <t (DfMi^:^^:^'C sufficient as the above-mentioned N2 gas, and it 

hX<, ^M.^co^^^WM'^' can also use reformer for transfer easily by 
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hb/ / — /v^gJ:K::^/'y^ff'cD oxidizing oxygen in air with methanol which is 

tK^, CO t^it^Jt-^-^X^. raw nnaterial, hydrogen in reformed gas, and 

^-r^^tl^iX^ , #t(]ffl3§:W CO, and removing it. 

[0 0 5 6] [0056] 

Embodiment 4 

3 {^7T^i':::t < , As shown in Table 3, this example performed 

MMJ^^WM 2 t [pI— ^4^5 'T: [rI— modification reaction on the same conditions by 

^{^*C2^cWSf&^tT7'c^v\ gJcR the same catalyst as Embodiment 2 first, was 

8 7 -e^Mk Lfct^ffi. learned from catalyst in state (1 of front test) 

(^^(Dl) (DM^M^^f^SBG where quality improvement rate degraded to 

2-36001 d^cCboT, 'B 87% at Unexamined-Japanese-Patent No. 

^M^:^(D^^Wi^\^X^WRft 62-36001, supplied only fuel gas, and 

t^^^^^ALfCo introduced air in catalyst into modification 

-ebr, mM:»^^t^n:^^^t reaction. 

(^M) i:^Mffi^'"C 3 0 And fuel gas, reformed gas, and oxygen (air) 

-^5 0 "^f^^^^-^^k. ^(DB were under catalyst, it was made to coexist for 

f^:ff::^t^W^^^tM^(^W 30 to 50 minutes, and back carried out 

it^-f-ee^SSfS^by^Co ^(DM modification reaction to this fuel gas and 

^(D^W^y ^fWl^f-Tj^i" reformed gas under oxygen (air) coexistance. 

(^^(D2 t 4)o ^LXy Quality improvement rate in this case and 

^ih*, 'BM:ff^<^^^^^^l- temperature are shown to same table (2 and 4 

tzm^(D^Wm. U&i:^ir m of front test). 

^(D3 t 5)o And air is stopped and quality improvement rate 

at the time of supplying only fuel gas and 
temperature are shown (3 and 5 of front test). 

[0 0 5 7] [0057] 

MSt^h^^h ^"^t^i Xol^, 'BM Even if fuel gas, reformed gas, and oxygen (air) 

t^MM::^ i^U) are under catalyst and it coexists them as 

^M^^X^^^'^X h^^ii evident from Table 3, reproduction does not 

fc^-f , 3^@^{ilHl^L^c^v\ take place, and quality improvement rate is not 

^(D'lk. :^mM(On±mi^^M recovered. 

M\^fz.^M^<D^W^y SS^IpI After that, quality improvement rate at the time 

^(::^i~o ^^^M of implementing reproduction operation of this 
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(D'^^^i^^h^j: 0 Z tl^X invention and temperature are shown to same 

^, 'i^\kmmLmmRJtt^^?^ taWe. 

t^i^cC "9 tt^S A P MSfilST When modification catalyst performs 
t, ^M^ii^M^i^W^tWl reproduction operation of this invention, active 
^(D 9 9 %^±li^t.'(:^^LX recovery is carried out, endothermic reaction is 
1/^5 i^^(D6 1 7)„ active made, catalyst layer inlet-port 

temperature falls, and quality improvement rate 
is regenerated even to 99 % or more equivalent 
to modification start initial stage (6 and 7 of front 
test). 
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LHSV-M 






mm: ct) 


tiinco 
dbry:vol.%^ 


. (%) 


An 












; 2: 0 


29 9 


265 


2 94 


. 2 7'2't 


2 92 


0. 3 9 


87 


2 


^^;0.15L/min 




30 1 


28 3 


3 25 


26 8 


291 


0. 3 3 


86 


3 




2. 0 


299 


26 7 


294 


273 


291 


0. 3 8 


86 


4 




2. 0 


241 


257 


369 


26 0 


2 93 


b. 3 5 


8 8 


5 




2. 0 


298 


265 


2 97 


271 


290 


0/ 40 


85 


6 




2. 0 


228 


266 


314 


273 


290 


0, 5 3 


9 9. 8 


7 


Tic 


2. 0 


300 


261 


268 


272 


28 9 


0. 4 7 


9 9. 2 



(Table 3) 

Horizontal Heading: Modification property under oxygen coexistance, and 
reproduction existence, combined provided object, gas temperature (inlet port, 
outlet) , Catalyst layer temperature (entrance-side side, outlet side), reaction 
tank wall temperature 
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[0 0 5 9] [0059] 

[mm<D^^] [ADVANTAGE OF THE INVENTION] 

:$^^P^{cXtHt, g^fKi^i^^if According to this Invention, modification catalyst 

t , ^Mf^ t-M can be maintained in the highly active state, and 

i^j^fg^-C;^ ^y— /V(^55cK^ modification method of methanol which can 
ff^<^ 5 ^ i:^^'C#5y — perform modification of methanol by 

(D^W:f^&^^^i''^ :itt^X^ high-efficiency over long period of time can be 

#-5o provided. 

mm(Dm^^mm] [brief description of the drawings] 



m 1 1 [FIG 1] 

MWMWMl fi^ioiil-^, Diagram which shows relation of 

ft^Uil^^f^t, ^W^RXfMU modification-reaction operation time in 

JifiS(DM#>^^-f^IIIo Embodiment 1, and quality improvement rate 

and catalyst layer temperature. 

[12121 [FIG 2] 

MMMWM 1 l^iol-f ^ , Diagram which shows temperature change of 

i^^cDwi^^li^'^i'f ^M^M<DU catalyst layer of back and front at the time of 

lHo reproduction operation in Embodiment 1. 



[ma] [FIGS] 

MMMM^^H\^ioiif6, 3icW^ Explanatory drawing of Improver In 

^©Ife^llo Embodiment 1. 

[III41 [FIG. 4] 

'MMJf^MM 2 (ciioit 5 , ;^ ^/i^ Explanatory drawing of metal carrier catalyst in 
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mmm(ommm. Embodiment 2. 

[0 5] [FIG. 5] 

'MMlf^MM2liZisiii6, Diagram wliich shows relations, such as 

Jt^i^^^f^t, ^K^RIJ^MI^ modification-reaction operation time in 
Ji?flS^=^i'(^M#^^'f^Ho Embodiment 2, and quality improvement rate, 

catalyst layer temperature. 



me] [FIG 6] 

MMJ^^WMSKisi-f^, Diagram which shows relations, such as 

It^i^^^f^t, ^M^Al^MM: modification-reaction operation time in 

MU&ti:H(DM^^^'t'^M„ Embodiment 3, and quality improvement rate, 

catalyst layer temperature. 

W^<Dmm] [DESCRIPTION OF SYMBOLS] 

I . . . RJt'$'>'^ , 1... reaction tank, 11... catalyst layer, 20... liquid 

II. .. f&M:M, mixture of methanol and water, 3... controller. 

2 0... ^^/-/i^fbTKc^^i-a- 

3... h P — 7. 



[mi] [FIG1] 





top vertical axis: quality improvement rate 
41-45: This invention 
49: (Conventionally) 
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first increment: Reproduction 
bottom vertical axis: Temperature 
iiorizonta! axis: Time 
dotted line: Setting concentration 



[11121 [FIG 2] 




Fixed temperature of reproduction start 

Temperature cooling of the degree of setting degradation or as it is 
Reaction Reproduction Reaction 
vertical axis: Temperature 
liorizontal axis: Time 



[Fia 3] 




CO, 
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[1214] [FIG 4] 




[El 5] [FIGlS] 
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8 0.5 

a 0.4 

glOO 

90 
^^300 

mm 
go 

250 

(BDfiiSOo - 



AIr(7>* AfrW* AlrCO* 
385H 393H ' 4D1 H 

_jL_J__J_ 



' I ■ 



1 1 I 



I 1 I I 




J. 



MiiBSOO'C., 




250 
II 300 

250 

38a: ^90 400 410 

k ; - i^JaaSM hour 
Only Air 

95% of quality improvement rates 
Catalyst layer 300 degrees Celsius 
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Vertical axis: Outlet, Quality improvement rate, Catalyst layer entrance-side 

temperature. Catalyst layer outlet side temperature. Catalyst layer mean 
temperature 

Horizontal axis: Elapsed time 



[EI 6] 



[FIG 6] 
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^0.6 
o 

O0.5 

as 0.4 



631H 



100 



90 



300 -i 



250 



|«i300fl 
250 



a^300 

y200 



540H 



549H 



Jl 



530 



560 



5140 550 

hour 

95% of quality improvement rates 
Catalyst layer 300 degrees Celsius 



Vertical axis: Outlet, Quality improvement rate, Catalyst layer entrance-side 

temperature, Catalyst layer outlet side temperature, Catalyst layer mean 
temperature 

Horizontal axis: Elapsed time 
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DERWENT TERMS AND CONDITIONS 

Dement shall not in any circumstances be liable or responsible for the 
completeness or accuracy of any Den/vent translation and will not be liable for any 
direct, indirect, consequential or economic loss or loss of profit resulting directly or 
indirectly from the use of any translation by any customer. 

Derwent Information Ltd. is part of The Thomson Corporation 

Please visit our home page: "WWW.DERWENT.CO.UK" (Enqlisli) 

"WWW.DERWENT.CO.jp" (Japanese) 
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